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ABSTRACT
Topics in Exercise Science and Kinesiology Volume 3: Issue 1, Article 6, 2022. Different techniques

exist for examining body composition. The purpose of this study was to examine differences in body fat percentage
as measured by air displacement plethysmography (ADP), body adiposity index (BAI), bioelectrical impedance
(BIA), a body mass index conversion equation (BMID), and skinfolds (SKF). Twenty-one male Utah Highway Patrol
Officers participated in this study (age 35.19 ± 10.32 years, 1.79 ± 0.09 m tall, 92.20 ± 14.56 kg in weight, and 105.52
± 10.01 cm hip circumference). All measurements were taken during a single visit and performed in the same order
for all participants beginning with BIA, followed by ADP, and SKF. The BAI and BMI conversion equation were
later calculated. For ADP and SKF the Brozek equation was used to convert body density to percent body fat (%BF).
No significant differences were found among the different measurement techniques. No significant correlations
were found between ADP, BAI, BIA, BMID, and SKF. Bland-Altman plots revealed small levels of bias, however,
the upper and lower limits of agreement were large for all measures. Prediction equations such as BAI and BMID
may be cheaper and faster for assessing large populations when compared with traditional laboratory techniques.
This study found no significant different among the measurement techniques. Despite the non-significant
differences, the authors suggest using a single measurement technique and not using techniques interchangeably.

KEY WORDS: Skinfolds, air displacement plethysmography, bioelectrical impedance, body
adiposity index, highway patrol officers, body composition
INTRODUCTION
Overweight is defined as a body mass index (BMI) of 25 – 29.9 kg/m2, and obesity is defined as
a BMI greater than 30 kg/m2. Obesity is a costly health concern linked to diabetes, coronary
heart disease, hypertension, stroke, and some cancers [20, 23]. Like the general population,
tactical athletes are at risk of overweight and obesity. Tactical athletes include firefighters,
police, emergency medical services, and military personnel. Aerobic fitness, muscular strength
and endurance, and a low percentage of body fat are key characteristics desired in tactical
athletes. These characteristics ensure a trim appearance, increased health, and readiness to

Topics in Exerci Sci and Kinesiol Volume 3(1): Article 6, 2022
respond to an emergency or combat. Higher levels of body fat not only increase the risk of
disease but also increase the demands of physical activity.
The BMI is a method commonly used to evaluate weight status. BMI, however, is subject to
error because of incorrect self-reported measures such as height and weight, changes in muscle
and fat mass with little or no change in overall weight that occur with aging, and elevated weight
resulting from high levels of muscle mass [14]. In police officers, Kukić et al. [19] found that
BMI had a moderate predicative value on percent body fat and that BMI should be used with
caution. Other studies have found that BMI underestimated the true prevalence of obesity
among police officers [1, 17]. Despite these findings, up to 37.5% of police officers have been
classified as obese using BMI [2, 16].
Research by Bergman et al. [5] proposed an alternative to the BMI called the body adiposity
index (BAI). This new index utilizes height and waist circumference rather than height and
weight to predict body composition. It has been argued that this newer equation significantly
underestimates percent body fat (%BF) in healthy adults [6], overestimates in athletic women
[12], is less accurate in severely obese women [12] and is not a valid predictor of %BF [16]. An
alternative formula developed by Deurenburg et al. [9] converts one's BMI to a %BF (BMID).
Compared with air displacement plethysmography (ADP), this formula was a better predictor
of %BF than the BAI and was not significantly different from ADP [27]. The ability to quickly
measure one's height and weight or height and hip circumference is more cost-effective and less
time-consuming than traveling to a facility and paying to have body composition measured by
more complex methods. Cheaper and quicker methods of measuring body composition that are
accurate would provide alternatives to police officers because devices like dual x-ray
absorptiometry and air displacement plethysmography are expensive and require specialized
training. Therefore, it is necessary to find an alternative that can be used in a police station
allowing officers to monitor body composition. This study aimed to provide a description of
the physical characteristics of Utah Highway Patrol (UHP) officers and to examine if prediction
equations, skinfolds, and bioelectrical impedance (BIA) provide similar estimates of body
composition in police officers compared with air displacement plethysmography. For this study,
we focused our attention on describing the physical characteristics of law enforcement officers.
We also sought to examine body composition values using different tools for measurement
including prediction equations.
METHODS
Participants
Participants included 21 male (2 Asian and 19 Caucasian) Utah highway patrol officers (age
35.19 ± 10.32 years, 1.79 ± 0.09 m tall, 92.20 ± 14.56 kg in weight, and 105.52 ± 10.01 cm hip
circumference). Participants were asked to refrain from exercise, caffeine, and alcohol
consumption for 24 hours prior to testing. Participants were asked to fast for two hours and
were instructed that they could drink water ad libitum during this time. Exclusion criteria
included being under 18 years of age, over the age of 60 to reduce BMI error associated with loss
of muscle mass due to age, clinically detectable edema, physical amputations, and refusal to
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give informed consent. All participants provided written consent prior to participating in the
study.
Anthropometry
Height was measured to the nearest centimeter using a wall-mounted stadiometer after
participants removed their shoes. Weight was measured to the nearest 0.1 kg using a calibrated
scale as part of the Bod Pod, described below. Hip circumference (HC) was measured to the
nearest 0.1 cm using an anthropometric measuring tape at the maximum circumference of the
buttocks while having both feet together [11]. BMI [8], BAI [5], and body fat Deurenberg (BMID)
[9] were calculated using the following equations:
Body Mass Index: weight (kg) / height (m2)
Body Adiposity Index: hip circumference (cm) / height (m) 1.5 - 18
Body Fat Deurenberg et al.: 1.2 * BMI + 0.23 * age - 10.8 * sex - 5.4
Note: For sex, male = 1 and female = 0
Air Displacement Plethysmography – Bod Pod
Body composition was determined using the Bod Pod (Life Measurement Inc., Concord, CA,
USA). For accurate %BF measurements prior to entering the chamber, participants were
instructed to change into form-fitting clothing, including spandex shorts and a swim cap,
following the manufacturer's directions. Height was measured without shoes in meters (m)
using a wall-mounted stadiometer. Weight was measured using an electronic scale which was
calibrated according to the manufacturer's directions (Life Measurement Inc., Concord, CA,
USA). Weight was measured to the nearest 0.1 kg. Body volume was measured a minimum of
two times; a third measurement was performed when the first two measurements were not
within 150 ml or 0.3% as instructed by the Bod Pod. Thoracic gas volume was estimated using
the prediction equation provided by the Bod Pod software, which is shown to be accurate [21,
31]. Body density was converted to %BF using the Brozek equation [7], which has shown no
difference in %BF according to race [13].
Bioelectrical Impedance
Body composition was assessed using the Tanita Body Composition Analyzer model TBF- 410
(Tanita Corporation of America, Illinois). The Tanita TBF-410 measures weight and %BF. For
accurate measurement, participants removed their socks and shoes and wore clothing used for
the Bod Pod. Data such as height, clothing weight, sex, and age were entered into the device.
Height was measured without shoes to the nearest cm using a wall-mounted stadiometer. When
prompted, the participants stepped onto the footpads and remained still and relaxed for
approximately 10 seconds.
Skinfold – Lange Calipers
Technicians were highly skilled and performed skinfold measurements on the right side of the
body using Lange skinfold calipers (Lange Skinfold Caliper, Cambridge Scientific Industries
Inc., Cambridge, Maryland). Skinfold thicknesses were measured in millimeters (mm) and were
assessed at the chest, abdomen, and thigh anatomical sites. All measurements were performed
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twice in rotational order. If measurements differed by more than 2 mm at any anatomical site,
a third measurement was taken, with the two closest being used as an average for that site. The
Brozek equation was used to convert body density to %BF [7].
Statistical Analysis
Data were reported as means ± standard deviation. All data were screened for outliers and
normality. Differences in %BF between techniques were compared using a one-way ANOVA.
The ANOVA was examined based on an alpha value of .05. The assumption of normality was
assessed by plotting the quantiles of the model residuals against the quantiles of a Chi-square
distribution, also called a Q-Q scatterplot [7]. For the assumption of normality to be met, the
quantiles of the residuals must not strongly deviate from the theoretical quantiles. Strong
deviations could indicate that the parameter estimates are unreliable. Correlations were used
to examine the relationship between the different measures. Constant error (CE) was calculated
as ADP – new measurement. Standard error of measurement (SEM) was calculated as standard
deviation divided by the square root of N. Visual inspection of Bland-Altman plots allowed for
the determination of agreement between measurements.
RESULTS
Table 1 presents the summary statistics for Utah highway patrol officers. Figure 1 presents a QQ scatterplot of model residuals. Homoscedasticity was evaluated by plotting the residuals
against the predicted values [3,25]. The assumption of homoscedasticity is met if the points
appear randomly distributed with a mean of zero and no apparent curvature. Studentized
residuals were calculated to identify influential points, and the absolute values were plotted
against the observation numbers [26]. Studentized residuals are calculated by dividing the
model residuals by the estimated residual standard deviation. An observation with a
Studentized residual greater than 3.17 in absolute value, the 0.999 quantiles of a t distribution
with 104 degrees of freedom, was considered significantly influencing the model results. Figure
2 presents the Studentized residuals plot of the observations. Observation numbers are specified
next to each point with a Studentized residual greater than 3.17.
Table 1. Summary Statistics Table for Interval and Ratio Variables for Utah Highway Partol Officers.
SEM
Variable
M
SD
n
Min
Max
Skewness
Kurtosis
Age (yrs)

35.19

10.32

21

2.25

22.00

52.00

0.15

-1.37

HC (cm)
HT (m)

105.52
1.79

10.01
0.09

21
21

2.18
0.02

85.00
1.63

122.00
1.93

0.20
-0.30

-0.58
-1.01

WT (kg)

92.20

14.56

21

3.18

57.64

127.61

0.30

1.06

ADP (%)

23.22

5.99

21

1.31

11.70

33.10

-0.002

-0.78

BIA (%)
BAI (%)

24.50
25.97

6.19
3.37

21
21

1.35
0.73

14.30
20.46

39.20
31.57

0.30
-0.27

-0.25
-1.31

BMID (%)
SKF (%)

26.27
21.23

5.77
8.14

21
21

1.26
1.78

16.58
5.00

35.85
33.71

-0.27
-0.19

-1.09
-1.10
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The results of the ANOVA were not significant, F(4, 100) = 2.45, p = .051, indicating the
differences in %BF among the levels of technique were all similar (Table 2). There were no
significant effects in the model. As a result, posthoc comparisons were not conducted.
Correlations for ADP, BAI, BIA, BMID, and SKF can be seen in Table 3. CE and SEM are available
in Table 4.

Figure 1. Q-Q scatterplot for normality of
the residuals for the regression model.

Figure 2. Studentized residuals plot
for outlier detection.

Topics in Exercise Science and Kinesiology

5

http: // www.teskjournal.com

Topics in Exerci Sci and Kinesiol Volume 3(1): Article 6, 2022
Table 2. Mean, Standard Deviation, and Sample Size for BMI and %Fat by Technique.
Combination
M
SD

n

ADP
23.22
5.99
21
BIA
24.50
6.19
21
BAI
25.97
3.37
21
BMID
26.27
5.77
21
SKF
21.23
8.14
21
Note: ADP, air displacement plethysmography; BIA, bioelectrical impedance; SKF, skinfold; BIA, body adiposity
index; BMI, body mass index; BMID, body fat Deurenberg.

Table 3. Correlations among different techniques used to measure %BF in Utah Highway Patrol Officers.
Combination
R
p
ADP-BAI
-0.14
1.000
ADP-BIA
0.61
0.121
ADP-BMID
-0.12
1.000
ADP-SKF
0.14
1.000
Note: ADP, air displacement plethysmography; BIA, bioelectrical impedance; SKF, skinfold; BAI, body adiposity
index; BMID, body fat Duerenberg.

Table 4. Constant error and standard error of measurement for the different measures of body fat.
BAI
BIA
BMID
SKF
CE
-2.75
-1.28
-3.05
1.98
SEM
0.73
1.35
1.26
1.78
Note: CE, constant error; SEM, standard error of measurement; BIA, bioelectrical impedance; SKF, skinfold; BAI,
body adiposity index; BMID, body fat Duerenberg.

Table 5. Average and standard deviation for body composition according to a normal BMI (n=4).
ADP
BAI
BIA
BMID
BMI
SKF
Average
17.50
21.73
16.33
17.60
23.23
12.35
SD
4.63
1.00
2.06
0.76
1.50
5.09

Table 6. Average and standard deviation for body composition according to an overweight BMI (n=10).
ADP
BAI
BIA
BMID
BMI
SKF
Average
22.39
25.76
23.73
26.28
27.98
18.98
SD
5.61
3.31
3.69
3.78
1.26
6.32
Table 7. Average and standard deviation for body composition according to an obese BMI (n=7).
ADP
BAI
BIA
BMID
BMI
Average
27.67
28.69
30.26
31.20
32.68
SD
3.94
0.48
4.58
3.31
2.10
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Figure 3. Bland-Altman showing the agreement
level between ADP and BIA in Utah Highway
Patrol Officers.

Figure 4. Bland-Altman showing the agreement
level between ADP and BAI in Utah Highway
Patrol Officers.

Figure 5. Bland-Altman showing the agreement
level between ADP and SKF in Utah Highway
Patrol Officers.

Figure 6. Bland-Altman showing the agreement
level between ADP and BMID in Utah Highway
Patrol Officers.
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DISCUSSION
This study aimed to describe the physical characteristics and determine the accuracy in %BF
when using different techniques in a group of male Utah Highway Patrol Officers. We selected
this population due to the limited amount of data regarding body composition in highway
patrol officers and the importance of maintaining a healthy body fat percentage to reduce the
risk of disease and improve performance.
We observed that UHP officers in the present investigation were of similar %BF (23.22 ± 5.99%)
compared with officers in Spitler et al. [28] investigation (24.4 ± 7.1%). That study included only
9 male participants whereas ours included 21 male participants. Height was also similar (1.79 ±
0.09 m) between our study and Spitler (1.795 ± 0.89 m). Our participants were heavier than those
studied by Spitler (92.20 ± 14.46 kg vs. 84.4 ± 12.4 kg). It is possible that the larger population
sample in the present study accounted for those differences. Heinrich et al. [17] found Russian
police had a lower %BF (21.0 ± 6.0%) than found in this investigation. That study utilized BIA
to measure the %BF whereas we used ADP. The subjects in Kukic et al. [19] were slightly taller
(1.82 ± 8.59 m) and were of similar weight (92.24 ± 12.36 kg).
The study's secondary purpose was to examine the accuracy of other tools compared with ADP.
Findings suggest no statistically significant differences in %BF among ADP, BAI, BIA, BMID,
and SKF, although we must mention that the level of significance was 0.051 which is just above
the threshold of the 0.05 significance level that was set. Had we measured a larger population
of UHP officers it is possible we would have found a significant difference in the measures. The
BMID yielded the highest %BF in the current study, followed by BAI, BIA, ADP, and SKF,
respectively.
Due to the lack of studies examining measurement techniques in police officers, we relied on
studies examining collegiate athletes and collegiate study body [4, 10, 29]. Bentzur et al. [4]
examined the %BF in a group of collegiate track and field athletes. Results from that study
demonstrated no significant differences in %BF between SKF and ADP. They suggested that
SKF could be used in place of ADP until more information is gathered regarding the accuracy
of ADP. When comparing leg to leg BIA with SKF in collegiate wrestlers, Dixon et al. [10] found
the BIA significantly underestimated %BF. The authors supported the use of ADP and SKF
when estimating %BF in collegiate wrestlers. Dixon also used the Brozek equation to convert
%BF like our study. Also, in a group of collegiate wrestlers, Utter et al. [30] found that BIA was
accurate when compared with SKF. That study, however, used the Lohman equation to convert
body density to %BF. Similarities between the current study and those of Dixon et al. and Utter
et al. include the use of 3-site SKF and a sample of male participants. Differences between the
studies include the use of collegiate athletes versus Utah Highway Patrol officers.
Talbert et al. [29] examined body composition using SKF, hydrostatic weighing, and ADP in a
group of collegiate students and individuals from the surrounding community. They found that
SKF underestimated %BF compared with hydrostatic weighing and ADP. This finding is
different from that found in the present study, which demonstrated no significant difference
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between SKF and ADP. Like the present study, Talbert et al. also predicted lung volume rather
than measured. However, that study performed measurements on different days, whereas we
collected all data on the same day.
The strongest correlation, however, not significant, was 0.61 between ADP and BIA. All other
correlations among techniques were weak and non-significant. We also calculated CE and SEM
for this study. CE was smallest for BIA followed by SKF, BAI, and BMID. For the SEM we saw
the lowest score for BAI followed by BMID, BIA, and SKF. Bland-Altman plots revealed the
smallest amount of bias for BIA, followed by SKF, BAI, and BMID. Furthermore, all BlandAltman plots revealed large upper and lower limits of agreement which suggest large subject
errors. This finding suggests that despite the level of bias associated with each assessment, the
large errors between techniques are cause for concern when assessing and tracking %BF.
This study does have its limitations. This study had a low number of participants (n = 21) with
an extensive range of %BF scores ranging from 11.7 to 33.1% for male Utah Highway Patrol
officers. We also had a low number of participants with a normal BMI (n=4) with the remainder
being overweight (n=10) and obese (n=7). In addition, we elected to estimate residual lung
volume rather than measure it for the ADP measurement. It is possible that this resulted in
inaccurate %BF values. However, others have found no significant difference when using
estimated versus measured residual lung volumes [19,20,26]. Finally, these results can only be
applied to male highway patrol officers from Utah.
When tracking %BF, it is important to know the accuracy of different techniques compared with
the criterion measure. The criterion measure dual x-ray absorptiometry is costly and timeconsuming and is not practical; therefore, users must rely on alternatives such as ADP, BIA,
prediction equations, and skinfolds, assuming a trained assessor is available. While our data
suggest no significant difference among the different measures, we suggest utilizing one
technique when assessing body composition to be consistent and reduce any error associated
with switching between techniques.
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Body Composition of Utah Highway Patrol Officers: No Difference Between Air
Displacement Plethysmography and Alternative Tools for Measurement and Prediction
PETER MACGREGOR, JUSTIN R. BROWN, JACQUIE SPOON, and L. NATHAN THOMAS 1Department of
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PURPOSE
This study aimed to provide a description of the physical characteristics of Utah Highway Patrol
(UHP) officers and to examine if prediction equations, skinfolds, and bioelectrical impedance
(BIA) provide similar estimates of body composition in police officers compared with air
displacement plethysmography.
KEY FINDINGS
• Using ADP, the mean %BF of UHP officers is 23.22±5.99%.
• There were no significant differences in %BF when comparing ADP, BAI, BIA, BMID, and
SKF.
• No significant correlations were found between ADP and the other measurement tools.
• Bland-Altman plots showed small amounts of bias but large individual differences.
RATIONALE
Body composition is an important measure of health as high levels of body fat are associated
with disease. Numerous devices and techniques exist to measure body composition, some of
which are expensive and time consuming, and are not practical for use in a police department.
We compared different devices and tools to determine differences among devices.
THE STUDY
Participants included 21 male Utah highway patrol officers (age 35.19 ± 10.32 years, 1.79 ± 0.09
m tall, 92.20 ± 14.56 kg in weight, and 105.52 ± 10.01 cm hip circumference). UHP participants
visited the lab on one day. Testing consisted of gathering height and weight, followed by hip
circumference, ADP, BIA, and SKF. The BIA and BMID were calculated at a later time using the
anthropometric measures that were taken. Results of the study revealed no significant
differences among the different methods used to assess body composition.

Topics in Exercise Science and Kinesiology

12

http: // www.teskjournal.com

